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Abstract 
Impact of users on thermal behaviour of a building and a building's impact on the use of different spaces are two 
aspects that are subject of post occupancy evaluation of the present paper.  
The building was designed according to passive concepts, including Insulated envelope and internal thermal mass; 
also computer simulations were used to optimize thermal performance of different components of the design. The 
evaluation was done by using quantitative method to document climate and interior lighting. A qualitative method 
was also used for analysis of building use and perception of indoor climate by users.  
High windows were placed in the hall and lobby for night flush to cool the building during summer. However, the 
difficulty of opening them had led that night ventilation was never practiced.  In winter, less window's areas would be 
sufficient to satisfy the thermal comfort during the day while ensuring a sufficient level of natural lighting. 
Daylight level measured in the morning shows that the level of illumination is acceptable; however it remains below 
the required minimum during the afternoon during fall, winter and spring. Small to medium windows, (4-10% of 
floor area) on west orientation could improve the daylight during the afternoon. Also, a late closing of the youth club 
would be desirable for the spring, summer and fall when days are long. The results of the interviews describe a high 
level of satisfaction from users with regard to indoor climate. Bioclimatic design has a positive impact on the use of 
the youth. 
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1. Background and objectives of the project 
The Children's youth Club of Tozeur was partly funded by the Swedish International Development 
Cooperation Agency and a Tunisian government agency. The project aimed to the introduction of new 
concepts in the construction industry regarding climate adaptation including computer simulation tools. 
The goal of the construction of this building is to show a tangible example of a building adapted to the 
climate. 
The objectives of the actual study include:  
x Assess the influence of the use, operation and management of the building on thermal 
comfort. 
x Evaluate the positive or negative impact of bioclimatic design of the building and its use. 
x Provide technical measures and additional instructions to improve the thermal and visual 
comfort. 
1.1 Design of children's club 
The characteristic of the architectural design of this building is that climate was taken into 
consideration already at the sketch’s level. The goal was to have a building that will not need air 
conditioning and an acceptable thermal comfort level would be achieved by passive methods. 
The design elements of the child club are of two types: the architectural elements and appropriate 
choice of building elements. 
The main architectural elements are:  
x large windows facing south for passive solar heating in winter  
x the massive stone walls to store heat in winter and cool in summer  
x a tower shaped hall to accelerate the night ventilation to cool the building. 
x High Ceiling in the large hall and the library. 
x Small windows for cross ventilation in summer. 
x Reduced north side windows to minimize heat loss in winter 
The building elements adopted:  
x Large glass surfaces facing south with shutters for sun protection 
x exterior walls by double walls to ensure a minimum thermal insulation 
x interior thermal mass with local stone wall  
x  thermally insulated roof with wood wool panels  
 
The optimum dimensions of building components were obtained by computer simulations. Several 
combinations of walls, roofs and window sizes were tested and the combination offers optimum thermal 
comfort has been chosen  
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Fig. 1.  Plan, North facade of youth club of Tozeur, including the measurement points within the building and views. (1) main 
entrance (2) north view with sitting arrangement in the shade of the building (3) internal view of the multipurpose hall with stone 
walls as thermal mass (4) south view 
North facade 
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2. Method and procedure of the study 
Two evaluation methods were used; a quantitative to document climate and interior lighting and a 
qualitative analysis of building use and perception of indoor climate by users using interviews and 
observations. The number of interviews is as follows 
Table 1. Number and distribution of the interviewees (M: Male F: Female) 
 July Octobre January 
 Nb % Nb % Nb %           
Male  12 60 23 66 14 50 
Female 8 40 12 34 14 50 
Kids 14 M11 79 70 26 M21   80      74 22 M12 54 79 
F 03 21 F 05 20 F 10 46 
Adults  06 M03 50 30 09 M02 22 26 06 M02 33 21 
F 03 50 F 07 78 F 04 67 
Total 20 100 35 100 28 100 
2.1 Measuring instruments 
Surface temperatures were measured using a thermocouple wire. Measurements were stored in the data 
acquisition chain. The measurements of indoor climate were measured using a temperature and relative 
humidity of air probe (type Vaisala 50Y) and 4 channels of data acquisition type Tinytag measuring the 
temperature and relative humidity of the air. Wind velocity and direction were measured by a blade 
(Young type model 05103). The indoor air velocity was measured using a probe type Swema SWA 03 
which measures the movement of air regardless of its direction. The measurement of global solar 
radiation was measured using a pyrometer type SKYE 1110. The measurements were collected using 
Channels of data acquisition (Campbell CR10X). The acquisition chains were equipped with battery 
backup to ensure continuous measures in case there would be power cuts. Light measurements were made 
of lights along the interview through a light meter type Hagner EC1.  
2.2 Analysis of measurements  
The thermal measurements were analyzed as follows. 
Step 1. Selecting a typical day for each month. Data from the National Meteorological Office (NMO) 
were used as reference for typical day of each month. The mean daily maximum and minimum closest to 
the ONM data are considered as typical day each month 
Step 2: data for each typical day are analyzed in terms of:  
x thermal comfort in the multipurpose room 
x the thermal behavior of the roof, south wall, north wall, west wall, floor and interior wall 
stone 
Step 3: analysis of interviews by climatic season 
x level of thermal comfort 
x level of visual comfort 
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3 Thermal comfort index ISO 7730 PMV (Predicted Mean Vote)  
Ambiance would be considered neutral or comfortable if 90% of respondents are satisfied. In this 
formula are taken into consideration the following parameters: temperature of the ambient air of the 
space, the surface temperatures of the walls of the space by the mean radiant temperature, clothing (clo) 
and degrees activity (Met) of the users. The calculation of PMV in our study was done using a computer 
program developed by ASHRAE [4] where the elements of the ambiance measured as well as clothing 
and activity levels of user observed during interviews were utilized to calculate the PMV. 
3.1 Adapted Thermal comfort Adapted Predicted Mean Vote (PMVe) 
Recent studies [1] on thermal comfort have shown that in arid regions (hot and dry) with few or no air 
conditioning systems, expectations in terms of thermal comfort are less important in buildings. From 
these studies it appears that the PMV could be multiplied by a factor of expectation of 0.7. In the case of 
our study, a youth club for children from a residential area of Tozeur, where few of them have an air 
conditioner at home, the Appropriate PMV is multiplied by a factor of expectation of 0.7 similar to that 
obtained for Athens, Greece during summer. 
 
Table 2. Scale of the index of Adapted thermal Comfort APMV derived from ISO 7730 
 
        Comfort zone 
 
PMVe +2,1 +1,4 +0,7  0  -0,7 -1,4 -2,1 
Sensation Warm Slightly warm   Neutral   Slightly cold 
frais  
Cold  
% satisfied 
persons  
25% 75% 90%  95%  90% 75% 25% 
3.2 Periods of use of the youth club 
The youth club is open every day except Mondays from 8.00Am to 12:00Am and 2:00 p.m. to 5:00 
p.m. (see Table below). Annual leave is September. Monday is the weekly rest of youth club six 
employees. The number of children enrolled at the club is over 60 however regular attendances at the club 
are twenty. The main activities taking place there are computers, learning English, crafts and various 
games and sports activities including table tennis. However the computer is the most popular activity. The 
library provided in the project is converted to computer room which is equipped with five computers. The 
thermal environment of the computer room has been improved by installing an air conditioner that is 
turned on whenever the need arises. 
Table 3. Schedule of children's club 
08 Staff arrival,  Gateway north and south of the hall are wide open  
Door window of the multipurpose room semi open 
10 Arrival of some children requesting to use the computer room 
Games (dominoes, checker sets, chess, etc...) In lobby where there is 
good air flow 
12 Closing of the club for lunch 
14 return of youth club employees  form lunch pause 
15-16 Arrival of children 
17 Closing the youth club  
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4. The results of the summer season
In the following results will be presented by season quantitative and qualitative results of 
investigations carried out in summer 
4.1 Thermal comfort results
 
 
Fig. 2. (a) Temperature and relative humidity of the air in the hall and outdoor in July 8, an average day of July (ANME)
(b) Appreciation of thermal comfort on the 6 of July 2003.80% of interviewees consider the indoor climate as comfortable 
 
The closest day to the average day and to the interview’s period is the 8th July 2003. During the hours 
of use of the youth's club (8-17 hours) the temperature of the air in the multipurpose room is less than the 
air temperature outside. It does not exceed 3 degrees (see Figure 1). This is due mainly to the excessive 
rate of natural ventilation.  The air velocity measured in the multipurpose room, during the  interviews, 
has an average of 0.59 m/s and an average relative humidity of 23% and a clothing (clo) of 0.41 and 
levels of activity (metabolic rate) of 1.4 according to ISO 7730 [3] indoor climate is classified as slightly 
uncomfortable (slightly warm) (see Table 2). Using the ASHRAE Thermal Comfort Program [4] the 
thermal comfort zone for the parameters mentioned above is located at 30 ° C as the upper limit with 
respect to the case of summer, see Fig 2 and 3.  
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Fig 3. The air temperature compared to the operative temperature in the multipurpose room July 8, 2003 
 
The thermal comfort index PMV calculated for an average day in summer is 2.44 and the adjusted 
index APMV of 1.7. Theoretically, the air temperature is outside the comfort zone, However results of the
interviews describe a high level of satisfaction from users with regard to indoor climate.
To better appreciate the level of thermal comfort, operative temperature was calculated. Between 11 
AM and 19 PM the operative temperature is lower than the air temperature. During this day the building 
thermal mass helps cool the indoor environment. However the degree of cooling is modest. the excessive 
daytime natural ventilation rate reduced the cooling effect of the combination thermal mass, night 
ventilation and minimal air changes during the day. 
Measurements made on the building in 1995 when it was not used, show the effectiveness of the 
thermal mass of the building as a stabilizing factor. On 23 July 1995 the temperatures of indoor air vary 
between 32 and 35 ° C, amplitude of 3 ° C while the outside air varies between 27 and 40 ° C [5]  
4.2 Assessment of thermal comfort by users  
During the interview process, it was found that there was no significant variation in measured 
parameters (see Table 4.2) and thus an average was calculated for all parameters. Thermal environment 
using the following parameters which described the atmosphere during the day on July 6, 2003, the 
assessments of the interviewees are shown in Table 4.2  
Table 4. Parameters for calculating the PMV and PMVe for July 6, 2003 
Temp. Relative 
humidity
air 
velocity(m/s)
Clothing 
(clo)
activity 
(Met)
PMVe
Average 33.4 23 0.59 0.41 1.45 2.44 1.7
Standard 
Deviation
0.63 3 0 0.19 0.04 0.88
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4.3 Thermal behavior of different elements of construction  
The analysis of the different elements of construction, walls and roof floor is based on two aspects:  
1. own performance of the component in terms of time lag and decrement factor. 
2. the positive or negative impact on indoor climate. If the temperature of inner surface of the 
element is warmer than indoor air impact is called "negative" for the case of the summer and 
vice versa if the temperature inner surface of the element is colder than indoor air impact is 
called "positive 
 
  
Fig. 4. Thermal behavior of the south wall (a) and the roof  (b)  8 July 2003  
 
The south wall is double hollow brick wall for insulation purposes. Although it is not important 
insulating wall, simulation studies have shown that it is acceptable [5]. The reduction of indoor surface 
temperature compared to exterior surface is 5.8 ° C. Time lag is less important it is only 4 hours. The heat 
input of the south wall is positive between 9 am and 4 pm that is to say, during the hours of use of the 
youth club.  
The roof insulated with wood wool panels has a damping of the external surface temperature of 11.4 ° 
C. time lag of the roof is comparable to the south wall around 4 hours. The heat balance of the roof is 
positive during 9am to 2 pm, see Fig 4. 
25
30
35
40
45
50
55
0 4 8 12 16 20 24
°C
Time
2004-07-08
Ext So
Int Sou
Temp 
Hall
Ext. Te
Multipurpo
mp
se
uth wall
th Wall
Upper limit  of 
thermal
Comfort
( - )( - ) (+)
5.8°C
4h
25
30
35
40
45
50
55
0 4 8 12 16 20 24
°C
Time
2004-07-08
Roof Int
Roof Ex
Temp M
t
ultipurpose Hall
Upper  Limit  
( - )( - ) (+)
 Djamel Ouahrani /  Energy Procedia  30 ( 2012 )  1205 – 1215 1213
25
30
35
40
45
50
55
0 4 8 12 16 20 24
°C
Time
2004-07-08
Temp M
Ext. Te
Floor T
ultipurpo
mp
emp
se Hall
Upper limit 
Thermal 
comfort
( - ) (+)
25
30
35
40
45
50
55
0 4 8 12 16 20 24
°C
Heure
2004-07-08
Temp M
Ext. Tem
Internal 
ultip
p
ston
urpose Hall
e wall
Upper limit 
of therma
comfort
( - ) ( - )(+) to 
1
10
100
1000
Morning Afternoon
Lux
8 juillet 03
1
10
100
1000
Morning Afternoon
Lux
23-26 oct 03
200 Lux
  
Fig. 5. Thermal behavior of the floor (a) and  the interior stone walls,  8 July 2003  
 
The floor is on solid ground has a stable temperature around 32.5 ° C. This stability is due to the 
inertia of the floor That takes full advantage of the inertia of the earth. The surface temperature of the 
ground is less than the temperature of the multi-purpose hall from 10 am to 24 pm for more than 14 hours.  
Surface temperatures of the interior stone walls are relatively stable; curve has amplitude of about 3 ° C, 
12:00 p.m. to 9:00 p.m. the surface temperatures of the interior walls and the temperature of the 
multipurpose room blend. Beyond this period the temperature of internal surfaces of stone walls are 
higher than the air temperature of the multipurpose room, see Fig 5. 
4.4 The measured daylight in summer and autumn  
Fig. 6. Daylight measured in the multipupose hall in July (a) and October (b) 2003
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The measurements were taken while running interviews with users.  Although the shutters of large 
windows in the multipurpose Hall were closed Daylight levels measured on the table of the interview is 
acceptable for the type of activities (playing table tennis, singing, etc...) which take place in the 
multipurpose Hall. Small high windows for natural ventilation contributed to this light level, they are not 
equipped with shutters. However, during autumn the daylight in the afternoon is below the required level 
for the activities that occur in the youth club, see Fig 6. 
5. Discussions and Conclusions  
The youth club is intended primarily for children of school age and this made the opening hours of 
8am -12pm and 2pm to 5pm are in competition with hours of classes. Few children attend the club during 
the morning. One solution to the overlapping hours between the club and school children is that children's 
club is open on weekends and closed on Monday and the club is operating normally during the summer 
and is closed for annual leave in September. However, opening and closing later allow more efficient use 
of the club. At least late closure during spring summer and autumn when the days are quite long and 
pleasant outdoor climate in the late afternoon. 
Most important the opening hours should have included in the brief of the project. It would have 
helped to climatic design with providing comfortable indoor climate when the youth use the building. An 
early opening of the youth club with widely opened doors jeopardizes the thermal behavior of the 
building. The benefit of night flush to cool down the building during summer is dissipated before the 
youth come to the club. The children's club is used only during the day and a comfortable indoor climate 
during night has no great importance, however, a stabilizing effect on the indoor temperature by stone 
interior walls and the floor were observed. However the floor temperature was much lower than the stone 
walls thus a thermal mass located at lower level would be more efficient than in the whole height of 
walls.   
 
One method of passive cooling in hot, dry climate is the use of night ventilation. This technical 
solution has been used in this project. Small windows were placed at high level in the multipurpose room 
and the lobby for this purpose, however the difficulty of manipulating them (opening and closing) had led 
that this method has never been used. The club is operated without the use of prescribed instructions 
which consist mainly of opening windows during night and closing them early in the morning (night 
ventilation) to cool the building during the hot season and the opening of shutters in winter for passive 
heating of the club. Furthermore, the opening’s hours (8am to 5pm) are not suitable for night ventilation 
as it should occur from late evening around 10pm where the outdoor temperature is cooler. In public 
building it is preferable to plan for automatic controlled night ventilation. Temperature sensor inside and 
outside the building will give the order to an automatic device either to close or open the ventilation 
windows. When outdoor temperature is lower than indoor temperature the ventilation windows will be 
opened and vise-versa.  
 
Results of the interviews show few users are aware that the building was designed taking into account 
the climatic constraints of the region and with modern tools of thermal simulations. Increasing the 
awarness and explaining that a well functioning passive building users have a significant if not most 
determinant role. Also, it describe a satisfaction from users regarding the climate inside the youth club, 
bioclimatic design has had a positive impact on the use of youth's club.  
Daylight measurements indicate that in the morning for the level of illumination is acceptable, 
however it remains below the minimum during the afternoon.  One explanation for this level of 
illumination of the afternoon is that children come from 15 hours and the sun has already gone to the 
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west. Without penalizing the climate inside the windows small to medium (4-10% of the floor space to be 
illuminated) in west façade could significantly improve the natural lighting of the afternoon. Finaly the 
winter climate is relatively mild, passive heating systems must be minimized and all effort must be 
concentrated on the warm period that is predominant.  
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